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HIGH-RESOLUTION VULNERABILITY
METHODS AND APPLICATIONS

PAUL H. DEITZ
AIVARS OZOLINS
Vulnerability /Lethality Division
US Army Ballistic Research Laboratory
ATTN: SLCBR-VL-V (P. Deitz)
Aberdeen Proving Ground, MD 210056-5088

ABSTRACT

Quver the past five years, considerable attention has been focussed in the Army on the requirements
of vulnerability modeling. Both the applicability of extant models to an expanding number of uses and
thesr accuracy have recetved scrutiny. In response to needs for improved capability, the Ballistic
Rescarch Laboratory (BRL) has developed a high-resolution stochastic vulnerability model. In this
paper, the core logic structure used to represent target functioning 13 presented. In addition, the means
for introducing stochastic damage mechanisms are described.

INTRODUCTION

The vulnerability of a combat system [1] is an assessment of its susceptibility to damage, given a specific encounter
with a particular threat. Therefore the term vulnerability is associated with the ability of military systems to
continue fighting subsequent to an interaction with a lethal mechanism delivered by an opposing force. By contrast,
lethality is the eflectiveness with which an attacking weapon can inflict damage on a particular target. Survivabslity
subsumes vulnerability as a key factor, but includes such other elements as detection probability and munition
delivery errors.

The assessment of vulnerability, the subset of survivability which assumes a very specific munition/target
interaction to assess damage, plays a key role in many Army programs. Table I gives a list of some roles supported

by Vulnerability/Lethality (V /L) studies (2].

Table I. Uses of Vulnerability Data 2]

¢ Major Milestone Decisions ¢ Concept Tradeoffs

¢ Data for Decision Makers e Inputs to War Games

¢ Vulnerability Reduction e Lethality Optimization

¢ Estimates of Spare Parts ¢ Planning and Analysis
& Repair Times of Live-Fire Testing

® Generation of New Measures- o Use of Reference V/L Models
of-Effectiveness for Calibration

A number of models are used in support of V/L objectives [1]. Included are codes based on terminal ballistics
considerations which perform estimates of penetration depth into armor along with (possible) residual overmatch. At
the next level of sophistication, there are lumped-parameter codes. These codes use the penetration equations to
examine possible residual warhead entry into the interior of a tank or armored personnel carrier. The residual is
tracked only to interior elements (fuel, ammunition) which may cause catastrophic fire or detonation. However the
destruction caused by fragments emanating from the rear surface of the armor, norinally referred to as Behind-Armor
Debris (BAD), is assessed through experimentally derived curves which reflect the average effect of this phenomenon
on the system.

The most detailed V/L models are called point-burst. They are supported by submodels for BAD which describe
both the lethality of the fragment cloud as well as the susceptibility of interior components struck by fragments to be



killed. This susceptibility of components to {ragment damage is normally couched in the Component Conditional
Probability of Kill, Given a Hit, or Py The most advanced of such models is called SQUASH (1] and was
developed as an extended point-burst code into which key elements of stochasticism were introduced.

For military ground vehicles the conventional direct-fire threats normally include Kinetic Energy (KE) and
Chemical Energy (CE) rounds, Explosively Formed Penetrators (EFPs) and mines.

Typically these threats cause damage to a target via mechanisms which perforate an interior portion of a vehicle.
During this process fragments interact with critical interior components. As these components are killed, there is
possible loss of battlefield capability. Important ancillary damage can also occur when certain exterior portions of a
combat vehicle are damaged, particularly suspension components. This can lead to significant loss of mobility.

Representatives of the three services have been invited to the 1991 Probabilistic Safety Assessment and
Management (PSAM) Symposium in the recognition that some profit may be gained by comparing V/L methods
with those used in the risk discipline, particularly those involved in nuclear safety issues. Possible similarities involve
the logic structures used to assess faults; differences will hopefully include the nature of the specific threats themselves
and how they interact with constituent parts to cause dysfunction.

ORGANIZATION OF ITEM-LEVEL LOGIC

The manner in which a target is logically organized for high-resolution analysis will now be described. This
description will follow the most recent methodology developed by the USA Ballistic Research Laboratory (BRL) and
the US Army Materiel Systems Analysis Activity (AMSAA). Called Degraded States (DS) {3-6], this is a
methodology which relates loss of specific combat vehicle components finally to loss of vehicle (or ttem) utility.

A logical hierarchy can be written giving the top-down structure in five levels where:

+ Level 1- Item: This is the highest level of the hierarchy and represents the sum of the Measures-of-Utility (MoUs)
supported by the lower levels. This level describes a whole combat vehicle or other integral structure.

« Level 2- Functional Categories: The functions of, say, a tank are divided into six categories: MOBILITY,
FIREPOWER, ACQUISITION, CREW, AMMUNITION and COMMUNICATIONS. These Functional Categories support
the principal battlefield roles and establish the utility of the item.

s Level 3- Functional Subcategories: The six Functional Categories of Level 2 are described in terms of
performance characteristics. Table II gives these Subcategories for a heavy battle tank [4].

« Level 4- Fault-Tree Support for Functional Subcategories: At this level the Functional Subcategories of
Level 3 are committed to fault-tree analyscs. The fault-trees rcflect the series/parallel design of thc engineering
systems which support the performance characteristics as defined in Level 3. Some examples of fault trees are
shown in Fig. 1. Each of the four examples shows how individual critical components, shown as single-pole, single-
throw elcctrical switches are assembled to represent particular Subcategory support.

« Level 5- Critical Components: The lowest level of the hierarchy is formed by the eritical components which are
the clemcents of the fault trces. A critical component ts defined as a component, which if killed, might lead to a loss
of capability as defined in one of the six Functional Categorics defined in Level 2.

Consider a combat vehicle component characterized by a Loss-of-Function (LoF) where:
0.0 < LoF < 1.0

Zero (0.0) LoF means a component is operating at normal design (pre-shot) specifications. Complete (1.0} LoF means
there is no component capability. The notion of a (one-dimensional) LoF is quite natural for-describing a component
with a single functional characterization such as a pump or electric generator; here the ability to pump fluid or induce
current flow can be described on a (single) normalized intcrval. After being struck by one or more fragments, some
classes of components might be operational in a partially functioning state; in the case of a pump, maybe it can
supply fluid at half the normal rate so that its LoF would take the value 0.5. For this class of components, the LoF
may reflect any value in the interval.

Some classes of components exhibit LoFs which are Bernoulli in nature; that is, they either operate fully or not at
all. An cxample of such a componcnt might be a portion of a fire-control system with optical elements. Such a



Table II. Functional Subcategories for Six Major Tank Functions (4]

— MOBILITY —

MO — No mobility damage M2 — Reduced speed (significant)
M1 — Reduced speed (slight) M3 — Total immobilization

— FIREPOWER —
FO — No firepower damage F10 — F2 and F5
F1 — Loss of main armament F11 — F3 and F5
F2 — Unable to fire on the move F12 — F4 and Fb
F3 — Increased time to fire F13 — F2 and F3 and F4
F4 — Reduced delivery accuracy and F5
F5 — Loss of secondary armament F14 — F2 and F3 and Fb
F6 — F2 and F3 F15 — F2 and F4 and F5
F7 — F2 and F4 F18 — F3 and F4 and F5
F8 — F3 and F4 F17 — F1 and F5
F9 — F2 and F3 and F4 (total loss of fire power)

— ACQUISITION —
A0 — No acquisition damage A2 — Unable to acquire while
Al — Reduced acquisition moving

capability A3 — Al and A2
— CREW —

CO0 — 0 crew casualties C3 — 3 crew casualties
C1 — 1 crew casualty C4 — 4 crew casualties
C2 — 2 crew casualties

— AMMUNITION —
KO — No ammo lost K3 — K1 and K2
K1 — Bustle ammo lost K4 — K Kill
K2 — Hull ammo lost

— COMMUNICATIONS —
X0 — No communication damage X3 — No external
X1 — No internal communications communications
X2 — No external communications X4 — X1 and X2
> 300 ft X5 — X1 and X3

component might be able to absorb fragments up to certain mass/velocity combination and sufler no damage untit a
certain threshold is reached. Then an optical element breaks and the component utterly fails. Such a component
would then have only two possible states; 0.0 and 1.0.

We also note that in the case of complex components which must perforir multiple functions, the use of a one-
dimensional Lol characterization can represent an unrealistic simplification. Such a situation occurs in the description
of personnel vulnerability to striking fragments. For crew, the term LoF is exchanged for Level of Incapacitation
(Lol) [7], but the notion is similar. And in such a case, various combinations of limb, torso and head trauma might
possibly map to the same Lol and yet reflect entirely different operational capability (e.g. ability to view a battlefield
and passively direct fire over a radio vice mancuver a vehicle slowly through the use of hand-controls only). Thus the
first step in the critical problem of characterizing the potential loss of components is to relate various threat
conditions (fragments masses/velocities, blast levels, ete.) to (normalized) LoF's.

However for vulnerability analyses such as SQuUASIH, component characterization must be Bernoulli in nature, i.e.
functional /non-functional. Thus in a conceptnal sense, a minintum performance threshold for cach component mnst
be applied against a LoF following interaction with a threat. If the Lol is sufficiently sinall that this threshold is at
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Figure 1. Four Examples of Fault Trees. Functioning components (non-killed) are shown
as closed switches; killed components are shown as open switches. Solid paths show
continuous (closed) circuits; dotted lines indicate non-functional paths. The and [F]
symbols indicate the start and finish of the circuits, respectively.

most equaled, the component is considered fully functioning {or alive); if not, it is considered killed. This process thus
yields a crisp binary decision process for each component and can be characterized by a single-pole, single-throw
electrical switch (either closed [alive] or open [nonfunctional]) as in Fig. 1.

Just as the binning process described for components gives a Bernoulli outcome, the inclusion of such components
in the fault trees shown in Fig. 1 gives rise to performance of the same kind. Normally no intermediate forms of
system performance are allowed. The application of a strict Bernoulli framework homogeneously at the component
level (Level 5) carries directly to the fault trees of Level 4. This convention has been adopted for two principal
reasons. First, attempting to predict the fractional performance of components following a ballistic event is extremely
difficult. Second, the mathematical means of logically combining partially functioning components at the fault-tree
level is problematic as well. The complete generalized logic structure for supporting both Unary Operators
(ABSOLUTE-VALUE, BOOLEAN-VALUE, NOT) and Binary Operators (AND, DIFFERENCE, EXCLUSIVE-OR,
MAXIMUM, MINIMUM, OR, PRODUCT, SUM) has already been constructed for another project [8]. However, whether
such a structure can be properly applied in this context is unknown at this time.

Since the Bernoulli states of Level 4 define whether kills have occurred for the Functional Subcategories of Level 3,
each Subcategory listed iu Table II exhibits binary (0,1) behavior as well. For replicated shots against a target in
which the mechanics of damage phenomenology are played stochastically, random collections of components are killed
on each shot. From an aggregation of such statistics, a Bernoulli probability for each Functional Subcategory is
derived. These "kill probabilities” form the current basis for characterizing the vulnerability of a military target.

Finally it is worth noting that the structure just described has potential utility in the areas of reliability,
repairability, logistics support and failure analysis.



THREAT/TARGET INTERACTION

The damage phenomenologies associated with the conventional threats listed above include many complicated
mechanisms. In addition to the main penetrator and residual fragment generation, they include blast, shock, fire,
hydraulic ram, vaporifics, toxic gases, luminosity and thermal spikes. These additional mechanisms in the main have
not been observed significant for direct-fire weapons against heavy tanks as recent tests have illustrated {9]. In this
paper, therefore, we will illustrate the core V/L damage processes only by describing the effects of main-penetrator
residual and BAD.

The mechanics of exercising the stochastic vulnerability model, SQUASH, involve the assembly of many input files
describing geometry, material, warhead performance properties, component Py x.’s, and the logic structures described
above [1]. Here we briefly review the sources of randomness which lead to the component damage vectors which form
the input to Level 5 of the Item-Level Logic. Accommodation has been made to vary stochastically the following
variables:

+ Hit Point: Under the best conditions, the geometric modeling of a complex target cannot perfectly reflect real
vehicles. In addition, actual vehicles vary somewhat in configuration. The geometric interrogation process involves
shooting (zero-width) rays through the target to replicate possible projectile paths. The process yields only
components which would be intercepted by the axis of a projectile, not those that would be impacted by the off-axis
body. Thus rather than a single ray normally used to model a striking projectile, a matrix of nine rays provides
sampling over a six-inch square cross section.

» Warhead Performance: In expected-value V/L models, warhead performance is modeled in terms of its expected
(point-value) penetration capability. Repeated warhead/armor experiments using precision components reveal
random variations in depth of penetration, etc. The SQuASH code associates a distribution function with each
warhead/armor combination; in the course of model exercise, random draws are made from this distribution
(center-of-mass) function.

» Residual Penetrator Deflection: In the case of KL projectiles incident at oblique angles to the armor, the
residual portion of a penetrator can shatter and deflect upon exiting armor. The deflection is greatest near the limit
velocity when the armor is minimally overmatched. A distribution function is utilized here to select trajectories in
the vicinity of the expected deflection.

¢ Spall Production: The SQuASH spall model is based on a routine which describes the ezpected spatial density of
lethal fragments as a bivariate gaussian distribution. The solid angle subtended by any critical component and its
location then define the ezpected number of lethal fragment impacts. In the exercise of the code for a particular
shot, the expected number of fragments is used in a Poisson distribution to draw a specific (integer) number of
fragments. To survive, the component must survive all fraginent encounters.

+ Component PK/H Characterization: Each critical component in the target is individually characterized in
terms of its probability of being killed by main penetrators and by single lethal spall fragments. For intermediate
threats such as fragments from a shattered IKE penetrator, intermediate kill probabilities are computed using hole

size a§nd penetration capability. The combined effects of multiple sources of damage are assessed using the Survivor
Rule.

SUMMARY

In this paper we have described the core structure used in the most advanced Army V/I. model. We have reviewed
the logical structure used to define system utility. In this paradigm, collections of critical components are organized
into fault trees which mirror the series/parallel nature of engineering systems. Based on the definitions of Functional
Subcategories given in Table II, engineering judgment is used to construct the supporting fault trees.

§ For this application the Surviver Rule states that the Multiple-Hit, Component Kill Probability, PK/MH’ for a component with Single-Hit
Component Kill Probabilities, pK/SHi' and n contributing sources of independent damage is given by:

Py = 1 - [Il_PK/SHl;xIl—PK/SFt2~'x 'l"PK/snnl]



When a threat munition is fired against a target, a number of stochastic algorithms are invoked which typically

lead to a set of killed, or non-operational, components. Killed components are analogous to open switches in the
fault-tree paradigm; if through the action of cutting fault trees no continuous path is supported, the system is
considered killed, and the related Functional Subcategory unsupported. Through repeated Monte Carlo exercise of the
model, Bernoulli probabilities are derived for each Functional Subcategory. The record of these Bernoulli outcomes,
singly and 1n combination defines the vulnerability of the system.
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Parker)

Ft. Lee, VA 23801

Commander

US Army Materials Technology
Laboratory

ATTN: SLCMT-ATL

Watertown, MA 02172-0001

Director

US Army Research Office

ATTN: SLCRO-MA (Dr. J. Chandra)
(Dr. K. Clark)
(Dr. Wu)

P.O. Box 12211

Research Triangle Park, NC 27709-2211

Director

US Army Survivability Management Office
ATTN: SLCSM-C31 (H. J. Davis)

2800 Powder Mill Road

Adelphi, MD 20783

Director

US Army Survivability Management Office
ATTN: SLCSM-D

2800 Powder Mill Road

Adelphi, MD 20783-1145

Commander

US Army ARDEC

ATTN: SMCAR-CCH-V (Paul H. Gemmill)
Picatinny Arsenal, NJ 07806-5000

Commander

US Army ARDEC

ATTN: SMCAR-FSS-E (Jack Brooks)
Picatinny Arsenal, NJ 07806-5000

Commander

US Army ARDEC

ATTN: SMCAR-TD (Jim Killen)
Picatinny Arsenal, NJ 07806-5000

10
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Commander

US Army ARDEC

ATTN: SMCAR-TDS (Vic Lindner)
Picatinny Arsenal, NJ 07806-5000

Commander

US Army Aviation Systems Command
ATTN: AMSAV-ES

4300 Goodfellow Blvd

St Louis, MO 63120-1798

Commander

US Army Aviation Systems Command
ATTN: AMSAV-GT (C. Crawford)
4300 Goodfellow Blvd

St. Louis, MO 63120-1798

Commander
US Army Aviation Systems Command
ATTN: AMSAV-NC (H. Law)
(S. Meyer)
4300 Goodfellow Blvd
St. Louis, MO 63120-1798

Commander

Belvoir Research, Development
and Engineering Center

ATTN: STRBE-FC (Ash Patil)

Fort Belvoir, VA 22060-5606

Commander
Belvoir Research, Development
and Engincering Center
ATTN: STRBE-JDA (Melvin Goss)
Fort Belvoir, VA 22060-5606

Commander, USACECOM

R&D Technical Library

ATTN: ASQNC-ELC-L-T, Myer Center
Fort Moninouth, NJ 07703-5000

Director

Center for Night Vision and Electro-Optics
ATTN: AMSEL-RD-NV-V (John Palmer)
Fort Belvoir, VA 22060-5677



No. of

Coni Organizati

1

Director

Center for Night Vision and Electro-Optics
ATTN: AMSEL-RD-NV-V (John Ho)
Fort Belvoir, VA 22060-5677

Director

Center for Night Vision and Electro-Optics
ATTN: AMSEL-RD-NV-D (Dr. R. Buser)
Fort Belvoir, VA 22060-5677

Commander

US Army Foreign Science and Technology
Center

ATTN: AIFR (Bill Rich)

220 Seventh Street, NE

Charlottesville, VA 22901-5396

Commander
US Army Foreign Science and Technology
Center
ATTN: AIFR (T. Walker)
(D. Hardin)
(R. Wittnebel)
(John Aker)
220 Seventh Street, NE
Charlottesville, VA 22901-5396

Commander
US Army Foreign Science and Technology
Center
ATTN: AIFRS (Gordon Spencer)
(Dr. Steven Carter)
220 Seventh Street, NE
Charlottesville, VA 22901-5396

Commander

US Army Foreign Science and Technology
Center

ATTN: AIFRT (John Kosiewicz)

220 Seventh Street, NE

Charlottesville, VA 22901-5396

Commander

US Army Foreign Science and Technology
Center

ATTN: AIFRE (S. Eitelman)

220 Seventh Street, NE

Charlottesville, VA 22901-5396
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1

Commander

US Army Harry Diamond Laboratories
ATTN: SLCHD-RT (Peter Johnson)
2800 Powder Mill Road

Adelphi, MD 20783-1197

Commander

US Army INSCOM

ATTN: IAOPS-SE-M (George Maxfield)
Arlington Hall Station

Arlington, VA 22212-5000

Commander

US Army Missile Command

ATTN: AMSMI-RD-GC-T (R. Alongi)
Redstone Arsenal, AL 35898-5000

Commander

US Army Missile Command

ATTN: AMSMI-RD-SS-AT (Ed Vaughn)
Redstone Arsenal, AL 35898-5000

Commander

US Army Missile Command
ATTN: AMSMI-RD (J. Bradas)
Redstone Arsenal, AL 35898-5000

Commander

US Army Missile Command

ATTN: AMSMI-YTSD (Glenn Allison)
Redstone Arsenal, AL, 35898-5070

Commander

US Army Missile Command

ATTN: AMSMI-REX (W. Pittinan)
Redstone Arsenal, AL 35898-5500

Director

US Army Missile and Space Intelligence
Center

ATTN: AIMS-RT (Pat Jordan)

Redstone Arsenal, AL 35898-5500

Director

US Army Missile and Space Intelligence
Center

ATTN: AIMS-YLD (Vernon L. Stallcup)

Redstone Arsenal, AL 35898-5500
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2

Director
US Army Missile and Space Intelligence
Center
ATTN: AIMS-YRS, Thomas Blalock
Pete Kirkland
Redstone Arsenal, AL 35898-5500

Director
US Army Missile and Space Intelligence
Center
ATTN: AIMS-YRT, Francis G. Cline
Don A. Slaymaker
Redstone Arsenal, AL 35898-5500

Director

US Army Missile and Space Intelligence
Center

ATTN: Randy L. Smith

Redstone Arsenal, AL 35898-5500

Commander

US Army Natick R&D Center

ATTN: STRNC-OI (Stephen A. Freitas)
Natick, MA 01760

Commander
US Army Tank-Automotive Command

No. of

Coni Organizati

2

ATTN: AMCPM-BLK-1iI/COL Don Derrah

Warren, MI 48397-5000

Commander

US Army Tank-Automotive Command
ATTN: AMSTA-CF (Dr. Orlicki)
Warren, MI 48090

Commander

US Army Tank-Automotive Command
ATTN: AMSTA-CK (Newell)
Warren, Ml 48090

Commander

US Army Tank-Automotive Command
ATTN: AMSTA-CR (Mr. Wheelock)
Warren, Ml 48397-5000

Commander

US Army Tank-Automotive Command
ATTN: AMSTA-CV (COL Becking)
Warren, Ml 48397-5000
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Commander
US Army Tank-Automotive Command
ATTN: AMSTA-NKS (D. Cyaye)
(J. Rowe)
Warren, Ml 48397-5000

Commander
US Army Tank-Automotive Command
ATTN: AMSTA-RG (R. Munt)

(R. McClelland)
Warren, Ml 48397-5000

Commander

US Army Tank-Automotive Command

ATTN: AMSTA-RSC (John Bennett)
(Wally Mick)

Warren, MI 48397-5000

Commander

US Army Tank-Automotive Command
ATTN: AMSTA-RSK (Sam Goodman)
Warren, Ml 48090-5000

Commander

US Army Tank-Automotive Command
ATTN: AMSTA-VS (Brian Bonkosky)
Warren, MI 48090-5000

Commander
US Army Tank-Automotive Command
ATTN: AMSTA-ZE (R. Asoklis)
AMSTA-ZEA (C. Robinson)
(R. Gonzalez)
AMSTA-ZS (D. Rees)
AMSTA-ZSS (J. Thompson)
(J. Soitez)
Warren, MI 48397-5000

Commander

HQ, TRADOC

ATTN: Asst Dep Chief of Stall
for Combat Operations

Fort Monroe, VA 23651-5000

Director

HQ, TRAC RPD

ATTN: ATRC-RP (COL Brinkley)
ATRC-RPR (Mark W. Murray)

Ft. Monroe, VA 23651-5143
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1

Director

US Army Cold Regions Research and
Development Laboratory

ATTN: Technical Director (Lewis Link)

72 Lyme Road

Hanover, NH 03755

US Army Corps of Engineers

Assistant Director Research and Development
Directorate

ATTN: Mr. B. Benn

20 Massachusetts Avenue, NW

Washington, DC 20314-1000

Commander

US Army Operational Test and Evaluation
Agency

ATTN: MG Stephenson

4501 Ford Avenue

Alexandria, VA 22302-1458

Commander

US Army Vulnerability Assessment
Laboratory

ATTN: SLCVA-CF (Gil Apodaca)

White Sands Missile Range, NM 88002-5513

Director

TRAC-WSMR

ATTN: ATRC-RD (McCoy)
WSMR, NM 88002-5502

US General Accounting Office
Program Evaluation and Methodology
Division
ATTN: Robert G. Orwin
Joseph Sonnefeld
Room 5844
441 G Street, NW
Washington, DC 20548

Director

Office of the Deputy Under Secretary
of the Army, Operations Research

Study Program Management Agency

ATTN: SFUS-SPM/E. Visco

Washington, DC 20310-0102
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1

Director

US Army Industrial Base Engineering Activity
ATTN: AMXIB-MT

Rock Island, II. 61299-7260

Director

US Army Industrial Base Engineering Activity
ATTN: AMXIB-PS (Steve McGlone)

Rock Island, IL. 61299-7260

Director
US Army Engineer Waterways Experiment
Station
ATTN: WESEN (Dr. V. LaGarde)
(Mr. W. Grabau)
WESEN-C (Mr. David Meeker)
PO Box 631
Vicksburg, MS 39180-0631

US Army Engineer Topographic Laboratories
ATTN: Technical Director (W. Boge)
Fort Belvoir, VA 22060-5546

Commander

US Army Operational Test and Evaluation
Agency

ATTN: LTC Gordon Crupper

4501 Ford Ave. #870

Alexandria, VA 22302-1435

Lawrence Livermore National Laboratories
PO Box 808 (L-3321)

ATTN: Mark Wilkins

Livermore, CA 94551

Los Alamos National Laboratories

ATTN: MS 985, Dean C. Nelson
MS F600, Gary Tietgen
MS G787, Terrence Phillips

PO Box 1663

Los Alamos, NM 87545

Los Alamos National Laboratories

ATTN: MS F681, LTC Michael V. Ziehmn
USMC

PO Box 1668

Los Alamos, NM 87545
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1

(V]

Sandia National Laboratories
Department 913

ATTN: Ron Andreas
Albuquerque, NM 87185-5800

Sandia National Laboratories
Division 1611

ATTN: Tom James
Albuquerque, NM 87185

Sandia National Laboratories
Division 1623

ATTN: Larry Hostetler
Albuquerque, NM 87185

Sandia National Laboratories
ATTN: Gary W. Richter
PO Box 969

Livermore, CA 94550

Commander

US Naval Air Systems Command
JTCG/AS Central Office

ATTN: 5164J (LTC James B. Sebolka)
Washington, DC 20361

Commander

US Naval Ocean Systems Center
ATTN: Earle G. Schweizer
Code 000

San Diego, CA 92151-5000

Commander
US Naval Surface Warfare Center
ATTN: Gregory J. Budd
James Ellis
Barbara J. Harris
Constance P. Rollins
Code G13
Dahlgren, VA 22448-5000

Commander
US Naval Weapons Center
ATTN: Ed Patterson

Dr. Helen Wang
Code 3313
Bldg 1400, Room B17
China Lake, CA 93555
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1

Commander

US Naval Weapons Center
ATTN: Mark D. Alexander
Code 3894

China Lake, CA 93556-6001

Commander

US Naval Weapons Center
ATTN: Melvin H. Keith
Code 39104

China Lake, CA 93555

Commander

US Naval Weapons Center

ATTN: Tim Horton
Dave Hall

Code 3386

China Lake, CA 93555

Commander

US Naval Weapons Center
ATTN: Robert Cox

Code 3917

China Lake, CA 93555-6001

Commander

US Naval Civil Eng Laboratories
ATTN: John M. Ferritto

Code L53

Port Hueneme, CA 93043

Naval Postgraduate School
ATTN: Dr. Michael J. Zyda
Department of Computer Science
Code 52

Monterey, CA 93943

Naval Postgraduate School
Department of National Security
ATTN: Dr. Joseph Sternberg
Code 73

Monterey, CA 93943

Commander
Intelligence Threat Analysis Center
ATTN: PSD-GAS/John Bickle
Washington Navy Yard
Washington, DC 20374
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1

Commander

Intelligence Threat Analysis Center

ATTN: Bill Davies

Washington Navy Yard, Bldg 203 (Stop 314)
Washington, DC 20374-2136

Commander

Intelligence Threat Analysis Center
ATTN: Ron Demeter

Washington Navy Yard, B-213, Stop 314
Washington, DC 20374

Commander

Intelligence Threat Analysis Center
ATTN: Tim Finnegan
Washington Navy Yard, B-213
Washington, DC 20374

Commander
Intelligence Threat Analysis Center
Intell Image Prod Div
ATTN: John Creighton
Al Fuerst
Washington Navy Yard, Bldg 213 (IAX-O-II)
Washington, DC 20374

Commander
David W. Taylor Naval Ship and
Development Center
ATTN: W. Conley
J. Schot
Bethesda, MD 20084

Commander

Eglin Air Force Base
AD/ENL

ATTN: Robert L. Stovall
Eglin AFB, FL 32542

Commander

USAF HQ ESD/PLEA

Chief, Engineering and Test Divistion
ATTN: Paul T. Courtoglous
Hanscom AFB, MA 01730
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Commander

USAF-HQ

ATTN: AFTDEC/JT (COL Victor A.
Kindurys)

Kirtland AFB, NM 87117-7001

Commander

AFATL

ATTN: AGA (Lawrence Jones)

(Mickie Phipps)

Eglin AFB, FL 32542-5434

Commander

AFEWC

ATTN: AFEWC/SAXE (Bod Eddy)
Kelly AFB, TX 78243-5000

Commander

AFWAL/AARA

ATTN: Ed Zelano
Wright-Patterson AFB, OH 45433

Commander

AFWAL/FIES

ATTN: James Hodges Sr.

Wright-Patterson AFB, OH
45433-6523

Commander
AFWAL/MLTC
ATTN: LT Robert Carringer
Dave Judson
Wright-Patterson AFB, OH
45433-6533

Commander

ASB/XRM

ATTN: Gerald Bennett
Wright-Patterson AFB, OH

Commander

WRDC/AARA

ATTN: Michael L. Bryant
Wright-Patterson AFB, OH 45433

Commander

FTD/SDMBA

ATTN: Charles Darnell
Wright-Patterson AFB, OH 45433
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1 Commander
FTD/SDMBU

ATTN: Kevin Nelson
Wright-Patterson AFB, OH 45433

1  Commander
FTD/SQDRA
ATTN: Greg Koesters
Wright-Patterson AFB, OH
45433-6508

1 Commander
FTD
ATTN: Tom Reinhardt
Wright-Patterson AFB, OH 45433

1 Commander
FTD/SCRS
ATTN: Amy Fox Schalle
Wright-Patterson AFB, OH 45433

1  Commander
FTD/SDJEO
ATTN: Robert Schalle
Wright-Patterson AFB, OH 45433

1  Commander
FTD/SDAEA
ATTN: Joe Sugrue
Wright-Patterson AFB, OH 45433

1  Commander
AFWAL/AARA
ATTN: Vincent Velten
Wright-Patterson AFB, OH 45433

1  Commander
FTD/SQDRA
ATTN: Larry E. Wright
Wright-Patterson AFB, OH 45433

1 Commander
AD/CZL
ATTN: James M. Heard
Eglin AFB, FL 32542-5000
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1  Commander
AD/ENY
ATTN: Dr. Stewart W. Turner
Director of Engineering Analysis
Eglin AFB, FL 32542-5000

2 Commander
AD/ENYW
ATTN: 2LT Michael Ferguson
Jim Richardson
Eglin AFB, FL 32542-5000

1 Commander
Air Force Armament Laboratory
ATTN: AFATL/DLY (James B. Flint)
Eglin AFB, FL 32542-5000

4 Commander
US Army FSTC
ATTN: Greg Crawford
David P. Lutz
Suzanne Hall
Charles Hutson
220 Seventh Avenue
Charlosttesville, VA 22901-5396

1  Commander
US Army FSTC/CA3
ATTN: Scott Mingledorff
220 Seventh Avenue
Charlottesville, VA 22901-5396

1 Commander
US Army FSTC (UK)
ATTN: MAJ Nigel Williams
220 Seventh Avenue
Charlottesville, VA 22901-5396

1  Commander
US Army FSTC
ATTN: Dr. Tim Small
220 Seventh Avenue
Charlottsville, VA 22901-5396

1  Defense Intelligence Agency
ATTN: DB-6E3 (Jay Hagler)
Washington, DC 20340-6763
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Institute for Defense Analyses (IDA)
ATTN: Mr. Irwin A. Kaufman
Mr. Arthur O. Kresse
Mr. Arthur Stein
Dr. Lowell Tonnessen
Mr. Benjamin W. Turner
Ms. Sylvia L. Waller
1801 N. Beauregard Street
Alexandria, VA 22311

Institute for Defense Analyses
ATTN: Carl F. Kossack
1005 Athens Way

Sun City, FL 33570

Department of Commerce

National Institute of Standards and
Technology

Manufacturing Systems Group

ATTN: B. Smith

Washington, DC 20234

AAI Corporation

ATTN: H. W. Schuette

PO Box 126

Hunt Valley, MD 21030-0126

ABEX Research Center

ATTN: Dr. Michael J. Normandia
65 Valley Road

Mahwah, NJ 07430

Adelman Associates

ATTN: Herbert S. Weintraub
291 North Bernardo Avenue
Mountain View, CA 94014-5205

The Armed Forces Communications and

Electronics Association
ATTN: Kirby Lamar, BG(Ret)
4400 Fair Lakes Court
Fairfax, VA 22033-3899

Aero Corporation
ATTN: David S. Eccles
Gregg Snyder
P.O. Box 92957, M4/913
Los Angeles, CA 90009
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1

AFELM, The Rand Corporation
ATTN: Library-D

1700 Main Street

Santa Monica, CA 90406

Air Force Wright Aeronautical Labs
ATTN: CDJ, CPT Jost
CDJ, Joseph Faison

Wright-Patterson AFB, OH 45433-6523

Alliant Computer Company
ATTN: David Micciche

1 Monarch Drive

Littleton, MA 01460

Alliston Gas Turbine
Division of GM

ATTN: Michael Swift

PO Box 420, SC S22B
Indianapolis, IN 46260-0420

Aluminum Company of America
ATTN: Charles Wood

Alcoa Technical Center

Alcoa Center, PA 15069

ANSER

ATTN: James W. McNulty
1215 Jeflerson Davis Highway
Arlington, VA 22202

ARC C-500

ATTN: John H. Bucher
Modena Road
Coatesville, PA 19320

Armament Systems, Inc.
ATTN: Gerard Zeller
P.O. Box 158

211 West Bel Air Avenue
Aberdeen, MD 21001

Armored Vehicle Technologies
ATTN: Coda M. Edwards
PO Box 2057

Warren, Ml 48090
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1

ASI Sytems, International

ATTN: Dr. Michael Stamatelatos
3319 Lone Jack Road

Encinitas, CA 92024

Auburn University

Electrical Engineering Department
ATTN: Dr. Thomas Shumpert
Auburn University, AL 36848

A.W. Bayer and Associates

ATTN: Albert W. Bayer, President
Marina City Club

4333 Admiralty Way

Marina del Rey, CA 90292-5469

Battelle Research Laboratory
Columbus Division

505 King Avenue

Columbus, Ohio 43201-2693

Battelle Research Laboratory
ATTN: Bernard J. Tullington
1300 N. 17th Street, Suite 1520
Arlington, VA 22209

The BDM Corporation
ATTN: Edwin J. Dorchak
7915 Jones Branch Drive
McLean, VA 22102-3396

The BDM Corporation
ATTN: Fred J. Michel
1300 N. 17th Street
Arlington, VA 22209

Bell Helicopter, Textron
ATTN: Jack R. Johnson
PO Box 482

Fort Worth, TX 76101

BMY, Division of Harsco
ATTN: William J. Wagner, Jr.
Ronald W. Jenkins
Ed Magalski
PO Box 1512
York, PA 17404
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Board on Army Science and Technology

National Research Council
Room MH 280

2101 Constitution Avenue, NW
Washington, DC 20418

Boeing Aerospace

ATTN: Dr. Robert Chiavetta
Dr. John Kuras

Mail Stop 8K17

P.O. Box 3999

Seattle, WA 98124-2499

Boeing Corporation

ATTN: MS 33-04, Robert Bristow
MS 48-88, Wayne Hammond

PO Box 3707

Seattle, WA 98124-2207

Boeing Vertol Company

A Division of Boeing Co.

ATTN: MS P30-27, John E. Lyons
PO Box 16858

Philadelphia, PA 19142

Booz-Allen and Hamilton, Inc.
ATTN: Dr. Richard B. Benjamin
Suite 131, 4141 Colonel Glenn Hwy.
Dayton, OH 45431

Booz-Allen and Hamilton, Inc.
ATTN: Jay A. Lobb

200 E. Big Beaver Rd.

Troy, Ml 48053

Booz-Allen and Hamilton, Inc.
ATTN: Lee F. Mallett

1300 N. 17th Street, Suite 1610
Rosslyn, VA 22209

Booz-Allen and Hamilton, Inc.

ATTN: John M. Vice

WRDC/FIVS/SURVIAC

Bldg 45, Area B

Wright-Patterson AFB, OH
45433-6553
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John Brown Associates

ATTN: Dr. John A. Brown

PO Box 145

Berkeley Heights, NJ 07922-0145

Chamberlain

ATTN: Mark A. Sackett
PO Box 2545

Waterloo, IA 50704

Commander

Combined Arms Combat Development

ATTN: ATZL-CAP (LTC Morrison)
Dir, Surv Task Force

Ft. Leavenworth, KS 66027-5300

Commander

Combined Arms Combat Development
ATTN: ATZL-HFM (Dwain Skelton)
Ft. Leavenworth, KS 66027-5300

Computer Sciences Corporation
200 Sparkman Drive
Huntsville, AL 35805

Computervision Corporation
ATTN: A. Bhide

V. Geisberg

R. Hillyard
201 Burlington Road
Bedford, MA 01730

Cray Research, Inc.

ATTN: William W. Kritlow
2130 Main Street, #280
Huntington Beach, CA 92648

CRS Sirrine, Inc.

ATTN: Dr. James C. Smith
PO Box 22427

1177 West Loop South
Houston, TX 77227

CSC

ATTN: Abner W. Lee
200 Sparkman Drive
Huntsville, AL 35805
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Cypress International

ATTN: August J. Caponecchi
James Logan

1201 E. Abingdon Drive

Alexandria, VA 22314

DATA Networks, Inc.

ATTN: William E. Regan, Jr.
President

288 Greenspring Station

Brooklandville, MD 21022

Datatec, Inc.

ATTN: Donald E. Cudney
President

326 Green Acres

Fort Walton, FL 32548

University of Dayton

Graduate Engineering and Research
Kettering Lab 262

ATTN: Dr. Gary Thiele, Director

Dayton, OH 45469

Delco Systems Operation
ATTN: John Steen

6767 Hollister Avenue, #P202
Goleta, CA 93117

Denver Research Institute

Target Vulnerability and Survivability
Laboratory

ATTN: Lawrence G. Ullyatt

PO Box 10127

Denver, CO 80210

Denver Research Institute
University of Denver
ATTN: Louis E. Smith
University Park

Denver, CO 80208

Dow Chemical, U.S.A

ATTN: Dr. P. Richard Stoesser
Contract R&D

1801 Building

Midland, MI 48674-1801
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Drexel University

ATTN: Dr. Pei Chi Chou
College of Engineering
Philadelphia, PA 19104

DuPont Company FPD

ATTN: Dr. Oswald R. Bergmann
B-1246, 1007 Market Street
Wilmington, DE 19898

Dynamics Analysis and Test Associates
ATTN: Dr. C. Thomas Savell

2231 Faraday Ave

Suite 103

Carlsbad, CA 92008

E. 1. Dupont TED FMC
ATTN: Richard O. Myers Jr.
Wilmington, DE 19898

Eichelberger Consulting Company

ATTN: Dr. Robert Eichelberger
President

409 West Catherine Street

Bel Air, MD 21014

Electronic Warfare Associates, Inc.
ATTN: William V. Chiaramonte
2071 Chain Bridge Road

Vienna, VA 22180

Emprise, Ltd.

ATTN: Bradshaw Armendt, Jr
201 Crafton Road

Bel Air, MD 21014

Environmental Research Institute of Michigan

ATTN: Mr. K. Augustyn
Mr. Kozma
Dr. 1. La Haie
Mr. R. Horvath
Mr. Arnold
Mr. E. Cobb
Mr. B. Morey
Mr. M. Bair

PO Box 8618

Ann Arbor, MI 48107
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E-OIR Measurements, Inc.
ATTN: Russ Moulton

PO Box 3348, College Station
Fredericksburg, VA 22402

ERIM

ATTN: Stephen R. Stewart
Exploitation Applications Department
Image Processing Systems Division
PO Box 8618

Ann Arbor, Ml 48107-8618

USA ETL/IAG

ATTN: Jim Campbell
Bldg 2592, Room S16

Ft. Belvoir, VA 22060-5546

FMC Corporation

ATTN: Sidney Kraus

1105 Coleman Ave, Box 1201
San Jose, CA 95108

FMC Corporation
ATTN: Ronald S. Beck
Martin Lim
Jacob F. Yacoub
881 Martin Avenue
Santa Clara, CA 95052

FMC Corporation
Advanced Systems Center (ASC)
ATTN: Edward Berry
Scott L. Langlie
Herb Theumer
1300 South Second Street
PO Box 59043
Minneapolis, MN 55459

FMC Corporation

Defense Systems Group

ATTN: Robert Burt
Dennis R. Nitschke

1115 Coleman Avenue

San Jose, CA 95037

FMC Corporation

Naval Systems Division (NSD)
ATTN: MK-45, Randall Ellis
Minneapolis, MN 55421
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FMC Corporation

Northern Ordnance Division
ATTN: M3-11, Barry Brown
4800 East River Road
Minneapolis, MN 55421

FMC Corporation
Ordnance Engineering Division
ATTN: H. Croft

M. Hatcher

L. House

J. Jackson

E. Maddox

R. Musante
1105 Coleman Ave, Box 1201
San Jose, CA 95108

GE Aircraft Engines

ATTN: Dr. Roger B. Dunn
One Neumann Way, MD J185
Cincinnati, OH 45215-6301

General Atomics

ATTN: Chester J. Everline,
Staff Engineer

P.O. Box 85608

San Diego, CA 92138-5608

General Dynamics

ATTN: Dr. Fred Cleveland
P.O. Box 748

Mail Zone 5965

Ft. Worth, TX 76101

General Dynamics

ATTN: MZ-4362112, Robert Carter
MZ-4362029, Jim Graciano
MZ-4362055, Gary Jackman

38500 Mound

Sterling Heights, MI 48310

General Dynamics Corporation

ATTN: MZ-2650, Dave Bergman
MZ-2860, John Romanko
MZ-2844, Cynthia Waters

PO Box 748

Ft. Worth, TX 76101-0748
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General Dynamics Land Systems
ATTN: Robert Carter

PO Box 1804

Warren, Ml 48090

General Dynamics Land Systems
ATTN: Dr. Paulus Kersten

PO Box 1901

Warren, Ml 48090

General Dynamics Land Systems
ATTN: William M. Mrdeza

PO Box 2045

Warren, MI 48090

General Dynamics Land Systems
ATTN: Richard Auyer
Otto Renius
N. S. Sridharan
Dean R. Loftin
Dr. Phil Lett
PO Box 2074
Warren, MI 48090-2074

General Motors Corporation
Research Laboratories
ATTN: J. Boyse

J. Joyce

R. Sarraga
Warren, Ml 48090

General Motors Corporation
Military Vehicles Operations
Combat Vehicle Center
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